Study objective
Abstract
Study objective -In recent years, capturerecapture methods have become increasingly popular in estimating completeness of disease registries. This study aimed to assess the performance of the two source capture-recapture method in estimating the completeness of cancer registration. Design -The study was conducted in the population based cancer registry of Saarland, Germany, for which there are three main sources of notifications: reports by clinicians and pathologists, and death certificates. For groups of cases notified by one of the three sources, known completeness of registration by the other two sources was compared with the corresponding two source capture-recapture estimates. Patients -A total of 16 020 patients notified to the cancer registry in 1970, 1975, 1980, and 1985 were included in the analysis. Main results -There was a tendency towards underestimation of completeness of notifications from pathologists and death certificates for patients notified by clinicians which was essentially confined to the older age groups. In contrast, capturerecapture methods tended to overestimate completeness of notifications from clinicians and death certificates for patients notified by pathologists. This overestimation was observed consistently in all age groups and for all ofthe most common cancer sites. Nevertheless, deviations of estimated completeness from known completeness were generally small or moderate. Agreement between estimated and known completeness was 1970, 1975, 1980, and 1985 . There are multiple sources of notification of cancer cases. The most important among these are clinicians (including hospital doctors and physicians in private practice) and pathologists. In addition, death certificates of residents of Saarland are routinely linked with the cancer registry which provides an additional important source of notification. If cases are first notified by a death certificate, the cancer registry of Saarland routinely requests an additional notification from the clinician who filled out the death certificate in order to obtain more complete information about these patients.
To assess the performance of the two sample capture-recapture method, the known number of cases notified by one of the three major sources (clinicians, pathologists, and death certificates) was compared with the number estimated from the intersections of notifications from the two other sources among these cases. This is illustrated in table 1 for cases reported by pathologists.
For these cases, the quantities n,,, n10, no,, and no0 and their sum n ++ are all known. In the absence of notifications from pathologists, however, only the quantities n,,, n,0, and n0, would be known, and the number of cases missed by both death certificates and by clinicians' reports would have to be estimated. Assuming independence of ascertainment by clinicians and death certificates, the maximum likelihood estimate (MLE) for this quantity is The crucial assumption for the two source capture-recapture method is that of independence between both sources.'3 Although it is not possible to check formally this assumption if no other sources of ascertainment are available, one might often be able to judge whether this assumption is reasonable under the specific circumstances of registration, and, if not, what would be the likely direction of its violation. If positive dependence is more plausible, the capture-recapture approach should be regarded as providing an estimate of an upper limit of completeness, whereas an estimate of a lower limit is provided in the case of presumed negative dependence.
In our analysis, capture-recapture estimates of completeness were most accurate for notifications from clinicians and pathologists of patients notified by death certificates. This may seem surprising at first sight since one might expect positive dependence between reports from clinicians and pathologists. For example, patients who undergo surgery are more likely to be reported by both surgeons and pathologists than other patients. On the other hand, the practice of the Saarland cancer registry to request additional information from the clinician who filled out the death certificate among patients first notified by death certificates is likely to introduce negative dependence between notifications by clinicians and pathologists, since such additional notifications by clinicians would not be obtained for patients previously notified by pathologists. This explanation was supported by further analyses in which notifications by clinicians made upon request after a first notification by death certificate were eliminated. In these analyses, the capture-recapture approach tended to overestimate completeness of notifications from clinicians and pathologists, indicating positive dependence between these two sources.
Our analyses also provide evidence supporting positive dependence between notifications by clinicians and death certificates, which is reflected in overestimation of completeness of notification by these sources in patients reported by pathologists. This seems plausible since patients who eventually die from their cancer are expected to have more extensive contacts with clinicians than other patients.
On the other hand, there was some underestimation of completeness of notifications by pathologists and death certificates among patients notified by clinicians. The underlying negative dependence between notifications by the former two sources could reflect the fact that pathology reports are less common for advanced cancers with poorer prognosis. For example, cancers that are inoperable at the time of diagnosis are typically not seen by the pathologist.
The reported overall patterns of dependency were very similar in the four calendar years included in this analysis. There was some interesting variation, however, of the observed patterns in relation to age and cancer site. For example, underestimation of completeness of notifications by pathologists and death certificates among patients notified by clinicians was essentially confined to the older age groups (which include most cancer patients) and particularly those over 75 years. This seems plausible, given the fact that cancers are more often detected at an advanced, inoperable stage in this age group. Patients with such cancers have higher case fatality rates, and their cancer is less often seen by a pathologist than other cancers.
Overestimation of completeness of notifications by clinicians and death certificates in patients notified by pathologists was observed consistently in all age groups. The somewhat larger extent of overestimation in the age group 15-29 years should be interpreted with caution due to the relatively small number of patients in this age group.
Although known and estimated completeness ofnotifications by clinicians and pathologists was generally rather close among patients notified by death certificates, considerable underestimation was observed in patients aged above 75. This could reflect more frequent contacts with clinicians along with a lower probability of surgery and histological confirmation of tumours in this age group.
Stratification by cancer site revealed the following patterns. Among patients notified by clinicians as well as among patients notified by pathologists, true completeness of notifications by the complementary sources was highest for cancers of the respiratory tract. This is because most of these cancers, which have a very poor prognosis, are notified through death certificates.
Some underestimation of completeness of notification by pathologists and death certificates was observed for all main diagnostic groups among patients notified by clinicians. This underestimation was more pronounced for gastrointestinal cancers and cancers of the prostate and urinary tract than for other cancers. For the same cancers, completeness of notification was also underestimated among patients notified by death certificates. These observations may primarily reflect the age related patterns discussed above since gastrointestinal cancers and cancers of the prostate and the urinary tract predominantly occur at older ages.
In summary, there were some differences between estimated completeness and known completeness, but these deviations were limited, and their direction and magnitude was in agreement with knowledge on clinical aspects and clinical management of cancer patients, and with the circumstances of cancer registration in Saarland. We therefore conclude from our analyses that carefully conducted capture-recapture methods may be useful to delineate plausible ranges of completeness of cancer registration in the absence of independent sources against which completeness can be checked. Our analyses suggest, that performance of the capture-recapture method might be best among patients below age 75, for whom cancer registry data are typically more valid. Although their application for routine comparisons of completeness of registration between cancer registries may be limited to some extent by the availability of comparable sources of notification, capture-recapture estimates of completeness offer an alternative to traditional measures of completeness of population-based cancer registration, such as the DCO index or the mortality/incidence ratio. 
